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(Translation) 
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Filing date: September 7, 1988 
Applicant: Hitachi Co., Ltd. 

Specification 

1. Title of Invention 

Magnetic Recording Medium 

2. Claims 

1. A magnetic recording medium, characterized in that an 
amorphous carbon layer is provided on a recording layer 
consisting of a thin film magnetic body, wherein the amorphous 
carbon layer has 30% of molar concentration of hydrogen bonded 
to carbon atoms in a film. 

2. A magnetic recording medium, characterized in that when a 
fluorescence cannot be seen from a Raman spectrum (caused by 
argon laser excitation) near 1000-2000cm _1 , and when the Raman 
spectrum is divided into two peaks with a Gauss function, an 
amorphous carbon layer with a film quality having 60% or below 
of a ratio of an intensity of a component near 1350cm" 1 to an 
intensity of a component near 1540cm" 1 is provided on a recording 

1 



Appln. 9-543012 

Your Ref: SM 132B 

Cited Reference 1: 2-71422 

layer consisting of a thin film magnetic body. 

3. A magnetic recording medium, characterized in that an 
amorphous carbon layer with a film quality satisfying 
characteristics of claims 1 and 2 concurrently is provided on 
a recording layer consisting of a thin film magnetic body. 

4. A magnetic recording medium, according to claim 1, 2 or 3, 
characterized in that a thickness of the carbon protective film 
is between 50A and lOOoA. 

5. A method for producing an amorphous carbon layer recited in 
claim 1, 2, '3 or 4 on a recording layer consisting of a thin 
film magnetic body by an ion beam deposition method. 

6. A method for producing an amorphous carbon layer recited in 
claim 1, 2, 3 or 4 on a recording layer consisting of a thin 
film magnetic body by a reactive sputtering method. 

7. A method for producing an amorphous carbon layer recited in 
claim 1, 2, 3 or 4 on a recording layer consisting of a thin 
film magnetic body by a plasma CVD method. 

8 . A magnetic recording medium, wherein an amorphous carbon film 
is produced by a method recited in claim 5, 6 or 7 . 

9. A magnetic disc device comprising a magnetic disc recited 
in claim 1, 2, 3 or 4 . 

10. A hard protective film consisting of an amorphous carbon 
layer recited in claim 1, 2 or 3. 

3. Detailed Description of Invention 
2 
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[Field of industrial application] 

The present invention relates to a magnetic recording 
medium having a protective film with a remarkable sliding 
characteristic, particularly an anti-abrasion characteristic. 
[Prior art] 

Generally, it is said that in a magnetic recording medium 
which has a metal thin film as the recording layer, a contact 
with the head occurs during high-speed rotation as well as when 
starting and stopping. Thus, the magnetic recording medium is 
required to comprise sufficient sliding characteristic such as 
lubricating characteristic or anti-abrasion characteristic so 
as to be able to resist contact with the magnetic head. 

Considering the above, research and development of carbon 
with a remarkable sliding characteristic, particularly a 
diamond- shaped carbon film has become active in recent years. 
A film quality of the diamond-shaped carbon film, particularly 
the coefficient of friction which is one of the sliding 
characteristics and the hydrogen in a film are qualitatively 
discussed in the 34th Extended Abstracts of Japan Society of 
Applied Physics and Related Societies 29p-K-l. Moreover, the 
Japanese Laid-Open Publication No. 62-7848 qualitatively 
describes with regards to the hydrogen in a film with a focus 
on adhesion. 

[Problems to be solved by the invention] 

In the aforementioned prior art, a film quality showing 
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an optimal sliding characteristic has not been found. Thus, 
there is a possibility of not being able to obtain optimal 
conditions . 

The purpose of the present invention is to definitely 
obtain a magnetic recording medium having a carbon film as the 
protective film with the most remarkable sliding characteristic 
by quantitatively and totally obtaining the carbon film quality 
from a Raman spectrum and bonded hydrogen within the film to 
link it with the sliding characteristic. 
[Means for solving problems] 

In the present invention, the molar concentration of 
hydrogen bonded to carbon in the film (hereinafter, referred 
to as bonded hydrogen in the film) and the intensity ratio of 
each component when the Raman spectrum of the film is separated 
into two peaks are defined to attain the aforementioned purpose. 
By said matter, it was found that a protective film having a 
remarkable sliding characteristic can be certainly obtained. 

The bonded hydrogen in the film used herein refers to all 
hydrogen bonded to carbon atoms, and the bonding manner is not 
defined. The bonded hydrogen concentration [H] is obtained by 
the following equation, from density of film and integrated 
intensity S of a band contributed by C-H stretch vibration of 
infrared absorption spectrum. 

[H]=100S/{ (1.68xl0 5 )+0.916S) 

Moreover, the intensity ratio of each component of the 
4 
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Raman spectrum separated into two peaks is obtained as described 
below. That is, having the Raman spectrum of the protective 
film measured by using Ar + laser (514. 5nm) at the peak position, 
the Raman spectrum is separated into one near 1350cm" 1 and one 
near 1540cm" 1 (each peak position shows a fluctuation of ±10cm _1 ) 
with a Gauss function in which the half-width of the former is 
approximately twice as much of the latter. The ratio of the 
intensity of the former to the intensity of the latter at this 
time is defined as a range of I. However, this is limited to 
when the fluorescence does not appear on the spectrum. An 
example is shown in Figure 2. Moreover, the carbon film of the 
present invention can be produced by a method such as those 
described below, i.e. reactive sputtering which sputters a 
graphite target with gas containing hydrogen, a plasma CVD 
method which causes plasma by using various power sources 
(microwave, high frequency, etc.) and decomposes gas containing 
carbon to perform a deposition, or an ion beam deposition method 
in which the carbon ions caused inside the ion gun is applied 
with voltage and the ions are pulled out to perform a deposition. 

[Effects] 

It was recognized in the result of the experiment that when 
the molar concentration of the hydrogen bonded to carbon atoms 
in the film is 25% or less and when a fluorescence cannot be 
seen from the Raman spectrum (caused by argon laser excitation) , 
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a remarkable sliding characteristic can be obtained in 
amorphous carbon film in which the ratio of the intensity of 
the component near 1350cm" 1 to the intensity of the component 
near 1540cm" 1 is 55% or less when the Raman spectrum is divided 
into two peaks with a Gauss function. Reversely, when the 
aforementioned hydrogen concentration is higher than 25%, the 
film becomes an organic film, and the crosslink degree between 
the carbons becomes low causing a mechanically weak film. From 
the experimental result (Figure 3), the critical value of the 
bonded hydrogen in the film in the case where the value of 
relative abrasion amount does not exceed 8 was 25-30%. 

Raman spectrum is used as a means for obtaining the 
appearance of a framework structure between carbons which is 
hard to be recognized only with the hydrogen concentration. 
However, it is known that when the value of the intensity ratio 
of the aforementioned two peaks becomes greater, the structure 
becomes closer to a graphite structure. Also in this case, from 
the experiment (see Figure 3), the critical value of the 
intensity ratio in which the value of relative abrasion amount 
does not exceed 8 was 55-60%. Due to the reasons described 
above, in the carbon film outside the regulated range of the 
present invention, the sliding characteristic is poor. 
Reversely, in the protective film of the present invention, a 
remarkable sliding characteristic can be obtained by random and 
dense crosslinking of the carbons with each other. 

6 
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On the other hand, when the thickness of the protective 
film is thinner than 50A, there is a high possibility for the 
film to not be deposited in an island-shape and to be 
discontinued; thus the effect is small. Reversely, when the 
protective film is thicker than 1000A, the distance between the 
magnetic head and the recording layer increases, and the 
electromagnetic conversion characteristic deteriorates, which 
is not preferable. Due to the above, the thickness of the 
protective layer is preferred to be in the range of 50-1000 
A. 

[Examples] 

The examples and comparative examples of the present 
invention are described below. Both examples deposit a carbon 
film on a metal thin film magnetic disc with similar structures, 
and the evaluations were made by the methods described below. 
That is, the sliding characteristic was evaluated by a CSS 
(Contact Start Stop) test, a kinetic friction coefficient 
measurement, abrasion amount by a pin-on-disc test which 
rotates the sample at a speed of 4m/sec per cycle. The molar 
concentration of the bonded hydrogen and carbon was obtained 
from a measurement of FT-IR (Fourier transform infrared 
absorption spectrum) . Moreover, the Raman spectrum was 
measured . 
Example 1 

Figure 1 is a mimetic diagram showing a cross section of 
7 
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a magnetic disc. As shown in the diagram, a sublayer B is on 
a substrate A, and an intermediate layer C is on the sublayer 
B. On top of the C layer, there is a recording layer D, and 
a protective layer E is formed on top of the recording layer 
D. The material of the substrate A is aluminum, and similarly, 
the material of the sublayer B is nickel-phosphorous, the 
material of the intermediate layer C is chromium, and the 
material of the recording layer D is cobalt-nickel. However, 
the materials of A layer to D layer may be other materials. The 
protective film was produced by a high-frequency plasma CVD 
method. The production method is described below. Firstly, 
the inside of the vacuum chamber is exhausted to lxl0~ 5 Torr by 
a vacuum pump. Next, methane gas is introduced, and the 
pressure inside the vacuum chamber is adjusted to be 60m Torr. 
500W is inputted from a high-frequency power source of 13.56MHz 
to cause a plasma discharge in the chamber. At this point, a 
protective film is deposited on the substrate cooled by cooling 
water. When the film quality. was evaluated by FT-IR and Raman 
spectrum, from FT-IR, the concentration of the bonded hydrogen 
in the film was 15%, and from Raman spectrum, the ratio of the 
intensity of separation peak near 1350cm" 1 to the intensity of 
separation peak near 1540cm" 1 was 45% . Moreover, when a CSS test 
of this film was performed, it crushed on the 35th k time. The 
relative abrasion amount by the pin-on-disc was 5. 
Example 2 
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A carbon film was produced on a magnetic disc similar to 
Example 1 by an ion beam deposition method. After exhausting 
the inside of the vacuum chamber to 5*10" 7 Torr, methane, hydrogen 
mixture gas was introduced, and the gas pressure is lm Torr. 
Next, a plasma discharge was caused inside the ion gun, and a 
pull-out voltage of 300V was applied thereto to pull out the 
ion and perform deposition. When the film quality was 
evaluated by FT-IR and Raman spectrum similarly to Example 1, 
the concentration of the bonded hydrogen in the film was 10%, 
and the ratio of the intensity of separation peak near 1350cm" 1 
to the intensity of separation peak near 1540cm" 1 was 40%. 
Moreover, when a CSS test of this film was performed, it crushed 
on the 40th k time. The relative abrasion amount by the 
pin-on-disc was 3. Although the examples only described 
regarding the magnetic disc, it is obvious that there are 
similar effects also for flexible discs, magnetic tapes and 
magnetic cards. 
Comparative example 1 

A carbon film was produced on a magnetic disc similar to 
Examples 1 and 2 by a high-frequency plasma CVD method except 
for the carbon layer. Almost everything was the same as Example 
1; however, the RF output was lowered to 50W for deposition. 
When the film quality was/evaluated similarly to Examples 1 and 
2, the concentration of the bonded hydrogen in the film was 30%, 
and the ratio of the intensity of separation peak near 1350cm" 1 
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to the intensity of separation peak near 1540cm" 1 was 35%. 
Moreover, when a CSS test of this film was performed, it crushed 
on the 13th k time. The relative abrasion amount by the 
pin-on-disc was 15. 
Comparative example 2 

A carbon film was produced on a magnetic disc similar to 
Examples 1 and 2 by a DC magnetron sputtering method except for 
the carbon layer. After exhausting the inside of the vacuum 
chamber to l*10" 6 Torr, argon gas of 20mTorr was introduced 
thereto. Next, 1KW was inputted from a DC power source and 
plasma was caused. The graphite target was sputtered to 
perform deposition. When the film quality was evaluated 
similarly to Examples 1 and 2, the concentration of the bonded 
hydrogen in the film was 3%, and the ratio of the intensity of 
separation peak near 1350cm" 1 to the intensity of separation peak 
near 1540cm" 1 was 85%. Moreover, when a CSS test of this film 
was performed, it crushed on the 8th k time. In the pin-on-disc, 
a crush occurred, and the abrasion amount was not able to be 
measured. 
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Table 1 





Example 1 


Example 2 


Comparative 
Example 1 


Comparative 
Example 2 


kind of gas 


CH« 


CH«/H 


CH 


Ar 


gas pressure 
(mTorr) 


60 


1,0 


60 


20 


input power 




300V 


SOW 


1000V 


substrate 
temperature (°C) 


R.T. 


R.T. 


R.T. 


200 


bonded hydrogen 
concentration (%) 


15 


10 


30 


3 


Raman relative 
intensity (%) 


45 


40 


35 


as 



Table 2 





Example 1 


Example 2 


Comparative 
Example 1 


Comparative 
Example 2 


CSS test (k times) 


35 


40 


13 


a 


coefficient of friction 


0.3 


0.2 


0.3 


0.3 


abrasion amount 
(relative value} 


5 


3 


15 


crush 



[Effects of Invention] 

According to the present invention, as being obvious from 
the aforementioned results, a magnetic recording medium with 
a remarkable sliding characteristic, particularly an 
anti-abrasion characteristic can be obtained. 
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Moreover, a feedback to the deposition condition can be 
performed by the non-destruction evaluation. 

4. Brief Description of the Drawings 

Figure 1 is a mimetic diagram of a cross section of a magnetic 
recording medium of the present invention. 

Figure 2 is a peak separation example of a Raman spectrum of 
amorphous carbon film. 

Figure 3 shows a relationship between the film quality 
(concentration of bonded hydrogen in the film, intensity ratio 
of separation peak of a Raman spectrum) and the abrasion amount. 

Reference Numerals 



A. 


. substrate 


B. 


. sublayer 


C. 


. intermediate layer 


D. 


.recording layer 


E. 


.protective layer 
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